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Abstract

Malachite green is a known teratogen and therefore its use is limited
to nonfood fish under an Investigational New Animal Drug permit (INAD),
number 2573. Although a charcoal adsorption column was developed to remove
malachite green from hatchery water, INAD compliance requires that the
malachite green residue concentrations in any effluent from hatcheries using
the chemical be quantified. Therefore, we developed a method for the
analysis of malachite green residues in water.

Enrichment of the residues of malachite green in water on a diol column
followed by High Performance Liquid Chromatographic (HPLC) analysis gives a
minimum sensitivity of less than 10 ppb for the chemical. When combined
with post-column oxidation using a lead oxide post-column reactor, the
procedure can be used for the simultaneous analysis of malachite green in
its leuco form, a decomposition product of the dye, as well as i1ts chromatic

form. Recovery of the leuco form is pH dependent and water samples should
be adjusted to pH 6 to optimize recovery of this form. Water samples spiked
with malachite green were concentrated on a diol column followed by elution
with 0.05 M p-toluene sulfonic acid in methanol. The methanol elutes were
analyzed by HPLC. Pond water samples spiked with malachite green and leuco
malachite green yielded average recoveries of 95.4% for malachite green and
57.3% for leuco malachite green. Tap water samples spiked with the carbinol
form of malachite green gave average recoveries of 98.6%. The method is
very sensitive and is capable of detecting malachite green residues in water
at less than 10 ppb.

Fish culturists, who cannot find an effective replacement for malachite
green, can utilize the method to ensure that their effluents comply with
INAD regulations.



Introduction

Malachite green is undoubtedly the most effective antifungal agent used
in aquaculture. Due to potential health risks, the use of malachite green
iIs currently limited to the treatment of nonfood fish under an
Investigational New Animal Drug Application (INAD). Methods for
determination of trace amounts of malachite green in hatchery water are
needed to maintain the INAD. The methods of analysis must be capable of
detecting malachite green and the breakdown products of the chemical. The
two major breakdown products of malachite green are carbinol and leuco
malachite green, both of which are colorless and therefore more difficult to
detect. The carbinol form is an acid-base equilibrium product of malachite
green in water. The leuco form is a reduction product of malachite green.
The methods must also detect the parent chemical, malachite green, which is
referred to as the chromatic or quinoidal form (Fig. 1).
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Figure 1. Malachite green and the colorless forms which may be found in
treated hatchery waters.

Description of the Project Area

Control of fungal diseases on adult salmon and on incubating eggs is
critical to the successful production of fingerling salmon. Malachite green
is very effective for this. The U.S. Food and Drug Administration, however,
requires data showing that only negligible amounts of malachite green are
discharged from state and federal fish hatcheries. Under the INAD #2573,
selected state and federal hatcheries are permitted to use malachite green
iIf they can show little or no release in the hatchery effluent. The level
must be low enough to satisfy regulatory concerns. The development of a
method for the analysis of trace amounts of malachite green and its related
products is necessary for maintaining the INAD.



Methods and Materials

Objective 1: ldentify and test existing analytical methods for
measuring malachite green analogs in water.

Task 1.1Survey published literature for reported analytical methods.

A computerized search of the literature on analytical methods for
triphenylmethane dyes was conducted using DIALOG. The literature on the use
of malachite green in fisheries by Nelson (1974) was reviewed.

Task 1.2 Test each of the analytical approaches found in the
literature, using known concentrations of each of the three
malachite green analogs (vernal, carbinol, and leuco forms)
to determine a statistically based recovery efficiency for
each analytical approach.

Spectrophotometric Analysis

Spectrophotometric methods have been used for analysis of malachite
green (vernal or chromatic form) because of the high absorbance of the
chemical in the visible (618 nm) region of the spectrum.

Hish Performance Liquid Chromatoaraochv

High Performance Liquid Chromatography (HPLC) with a reverse-phase C,q4
column was investigated as a sensitive method to detect malachite green.
Three mobile phases were evaluated. The first mobile phase consisted of
various proportions of methanol and water. The second mobile phase
consisted of various proportions of acetonitrile and water. Both mobile
phases contained 0.05 M p-toluene sulfonic acid (TSA) as a counter ion. The
third mobile phase consisted of an acetate buffer (about pH 4) in water
mixed with different proportions of methanol.

Objective 2: Develop an original method that will detect all three forms
of malachite green in distilled water with a detection limit
of 10 ppb or less for each form and 10 ppb or less for
"total malachite green."

Task 2.1 Evaluate High Performance Liquid Chromatographic methods
for the detection of malachite green forms. Explore various
methods of sample cleanup, extraction, and detectors.




HPLC with a reverse-phase C1 column was used for the detection of the
malachite green residues. A mobile phase of 15% buffer (0.05 M sodium
acetate and 0.1 M acetic acid in water) and 85% methanol at a flow rate of
2.0 mL/min was used for the HPLC solvent system. A lead oxide post-column
oxidation reactor was used to oxidize leuco malachite green to the visual
chromatic form. This system efficiently separates the malachite green and
leuco malachite green peaks and both can be detected spectrophotometrically
at 618 nm.

Recovery studies for malachite green were carried out in well water
from the La Crosse National Fisheries Research Center (NFLX). Fifty-mL
water samples spiked with 10.0 ppb each leuco malachite green and malachite
green were aspirated through Baker 10 Diol extraction columns using low
vacuum.  The residues were eluted from the column with 2.0 mL of 0.05 M
p-toluene sulfonic acid in methanol. The samples were analyzed by HPLC
using a C,3 column with a mobile phase of 15% buffer and 85% methanol at a
flow rate of 2.0 mL/min. A reaction chamber containing 10% PbO, in Celite
545 was placed between the column and the spectrophotometric detector to
oxidize the leuco form of malachite green to the chromatic form for
detection at 618 nm. Standards of leuco malachite green and malachite green
were prepared in mobile phase from methanol stock solutions of the
chemicals.

Task 2.2 Determine limits of recovery and detection for each of
the malachite forms and for '"total malachite green."

Minimum limits of detection for malachite green and leuco malachite
green in water were determined by the EPA method (U.S. Environmental
Protection Agency, Federal Register, 49 [1984] 198). A 500-mL stock
solution of 25.0 ppb each malachite green and leuco malachite green in well
water was prepared. Seven 50.0-mL replicates from the sample stock were
concentrated on the Baker 10 Diol column and analyzed using the HPLC method.
The results of the analysis of the seven replicates were used to compute the
minimum limits of detection for malachite green and leuco malachite green.

Task 2.3 1T HPLC methods are not successful, repeat Tasks 2.1 and
2.2 using polarographic approaches.

HPLC appears to be the method of choice for the simultaneous analysis
of the vernal (chromatic) and leuco form of malachite green.

of detection of 10 parts per billion or less in waters of a

Objective 3: Develop techniques to ensure the sensitivity and reliability
variety of water chemistries. I




Task 3.1 Develop techniques to concentrate all three forms of
malachite green from water and to extract them from the
filter medium.

Well water samples (pH 8.0) were spiked with 50.0 ppb of malachite
green oxalate, leuco malachite green, and carbinol. The water samples were
concentrated using the Baker 10 Diol columns and analyzed using the HPLC
procedure developed in Task 2.1.

Task 3.2 Develop means to convert all three chemical forms to a
common form so that the total malachite green present can
be determined by the method(s) developed in Objective 2.

HPLC analysis detects the chromatic form of malachite green at 618 nm.
Oxidation of leuco malachite green to the chromatic form for detection in
the visible region of the spectrum was accomplished using a post-column
reactor containing 10% (weight/weight) Pb0, in Celite 545. The leuco
malachite green is rapidly converted to the chromatic form in the
post-column oxidation reactor and is detected at 618 nm with a
spectrophotometric detector. The conversion of the carbinol form to the
chromatic form is readily accomplished when 0.05 M p-toluene sulfonic acid
in methanol comes into contact with the carbinol during elution from the
diol column.

Task 3.3 Determine sensitivity and reliability of the analytical
methods for malachite green in waters of pH 6.0, 7.0, and
8.0.

Deionized water samples were buffered to pH 6.0, 7.0, and 9.0 with
1.0 M NaOH and KH,PO,. The well water samples were pH 8.0. The water
samples at various pHs were spiked with 50.0 ppb of malachite green and
leuco malachite green. Fifty-mL aliquots of the samples were concentrated
on the Baker 10 Diol columns and the column eluates were analyzed using the
HPLC procedure.

Objective 4: Determine if the developed method will accurately detect
levels of malachite green at 10 ppb or less in actual
hatchery effluents that contain feces, debris, biota, and
metabolites.




Task 4.1 Develop protocols for collecting, preserving, and shipping
water samples. Samples shall be collected from treated
hatchery water ahead of the carbon filter and in the

effluent from the filter.

Samples collected from a pond, tank, raceway, or hatchery effluent
should be placed in brown glass bottles and stored in a refrigerator.
Malachite green and its carbinol and leuco forms are susceptible to
photolysis and should be protected from light. Malachite green is not being
used on salmon hatcheries and no carbon filtration systems have been
installed on salmon hatcheries, therefore no treated hatchery water was
available for analysis.

Task 4.2 Determine sensitivity and reliability of the analytical
method for malachite green in NFH water containing fish
feces, debris, biota, clay turbidity, and metabolites.

Samples of water taken from a pond that contained fish were collected
at the National Fisheries Research Center. The samples were spiked at 25.0,
50.0, and 100 ppb each of leuco malachite green and malachite green.
Fifty-mL aliquots of the spiked samples were enriched on the Baker 10 Diol
columns and the eluates from the columns were analyzed by the HPLC method.

Results and Discussion

Objective 1: Ildentify and test existing analytical methods for measuring
malachite green analogs in water. I

I Task 1.1 Survey published literature for reported analytical methods.1

Literature Search

) A literature search on methods for the analysis of malachite green and

Its major breakdown product, leuco malachite green, indicated the most
applicable method of analysis for the compound was liquid chromatography

with enrichment from water by column chromatographic concentration (see

Appendix A).



Task 1.2 Test each of the analytical approaches found in the
literature, using known concentrations of each of the three
malachite green analogs (vernal, carbinol, and leuco forms)
to determine a statistically based recovery efficiency for
each approach.

Spectrophotometric Analysis

Spectrophotometric methods for the analysis of malachite green do not
have the specificity needed for identification of the chemical, and leuco
malachite green does not absorb light in the visible region of the spectrum.
Further use of stand-alone spectrophotometric methods was abandoned.

Hish Performance Liauid Chromatograohv

HPLC with post-column oxidation and spectrophotometric detection
(618 nm) was investigated for the analysis of malachite green and its
analogs. The chromatic (vernal) and leuco forms of malachite green were
easily separated into discrete peaks by HPLC with all the mobile phases
evaluated. Mobile phases tested included acetonitrile and water and
methanol and water. Both solutions contained 0.05 M TSA as a counter ion
(Abidi 1983). Malachite green degradation was observed when TSA was used in
the mobile phase in the presence of the post-column oxidation chamber.
Subsequent use of the chemical in mobile phases was abandoned. A solvent
system of sodium acetate and acetic acid buffer in water and methanol was
also investigated and proved to be superior for analysis. The system, used
by Roybal et al. (1989) for separation of gentian violet and i1ts leuco form,
also yielded baseline separation of malachite green and its leuco form.

Sample Enrichment

The Baker 10 extraction columns were evaluated visually for retention

of malachite green. Columns with diol solid phase retained malachite green
in a narrow band. The entire band was eluted from the column with 2.0 mL of
0.05 M TSA in methanol. Unlike mobile phases in which TSA was used, no
decomposition of malachite green was observed in developing chromatograms
when 0.05 M TSA was used only for elution of the diol cglumns. The Baker 10
Diol column was tested for extraction efficiency using"C-malachite green
solutions adjusted to approximately 5,000 dpm. Concentrations ranging from
5 to 500 ppb were tested for sample extraction and recovery efficiency.
Mean recoveries of malachite green ranged from 88.4% at 10 ppb to 107.6% at
5 ppb (Table 1). Approximately 3.5% of the malachite green in all solutions
tested was not retained on the column, but washed through the column and was
recovered in the effluent water (Table 1, Appendix B).



Table 1. Mean percent recovery of l14C-malachite green and standard
deviation (SD) from Baker 10 Diol columns after passage of 50-mL
volumes of malachite green solutions (5, 10, 50, 100, or 500 ppb)
through the column.

Concentration Percent Percent
malachite activity activity
green not retained recovered from
(ppb) during elution methanol-TSA eluate

5 3.7 (0.13) 107.6 (5.48)

10 3.2 (0.13) 88.4 (11.1)

50 3.2 (0.14) 98.6 (1.98)

100 3.4 (0.13) 101.2 (2.51)

500 3.6 (0.10) 97.6 (2.74)
Objective 2: Develop an original method that will detect all three forms

of malachite green in distilled water with a detection limit
of 10 ppb or less for each form and 10 ppb or less for
"total malachite green."

Task 2.1 Evaluate High Performance Liquid Chromatographic methods
for the detection of malachite green forms. Explore various
methods of sample cleanup, extraction, and detectors.

The 10-ppb recovery study used well water spiked with both leuco
malachite green and malachite green. Seven replicate samples gave a mean
total recovery of 77.3% for malachite green plus leuco malachite green with
a standard deviation of 5.21. The mean recovery of leuco malachite green
was 45.0% with a standard deviation of 4.25. The mean recovery of malachite
green was 110% with a standard deviation of 7.59 (Table 2). The individual
recoveries can be seen in Appendix C.

Included in Appendix C are standard curves, representative
chromatograms of both a sample and a standard, formulas for the calculation
of ppb from ng detected by HPLC, and the individual recoveries of malachite
green residues from water samples spiked with 10 ppb each of malachi te green
and leuco malachite green.

Over 600 injections have been made on the HPLC system with the PbO
post-column reaction chamber without an apparent change in its abili ty %o
convert leuco malachite green to the chromatic form.



Table 2. Mean percent recoveries and standard deviations for malachite
green and leuco malachite green from well water spiked at 10 ppb
each of malachite green and leuco malachite green.

Mean
Chemical percent Standard
form recovered deviation
LEUCO 45.0 4.25
MGR 110 7.59
LEUCO 77.3 5.21

t MGR

Task 2.2 Determine limits of recovery and detection for each of
the malachite forms and for '"total malachite green."

The minimum detection limit was determined using seven replicate
samples of well water spiked with 25.0 ppb each of leuco malachite green and
malachite green (Appendix D).

The mean percent recovery of leuco malachite green was 48.2% with a
standard deviation of 2.58% and a minimum detection limit of 2.01 ppb. The
mean recovery of malachite green was 78.3% with a standard deviation of
3.62% and a minimum detection limit of 2.83 ppb (Table 3).

Table 3. Mean percent recovery, mean concentration, standard deviation,
variance, and minimum detection limit (MDL) for malachite green
and leuco malachite green.

Mean % Mean Standard Detection*
Chemical recovered conc deviation Variance limits
form (stds) (Ppb) (Ppb) (Ppb) (Ppb)
LEUCO 48.2 12.1 0.64 0.42 2.01
(2.58)
MGR 78.3 19.6 0.90 0.82 2.83
(3.62)

®MDL = (3.143) X (standard deviation).
10



Task 2.3 If HPLC methods are not successful, repeat Tasks 2.1 and
2.2 using polarographic approaches.

HPLC appears to be the method of choice for the simultaneous analysis
of the vernal (chromatic) and leuco form of malachite green.

Objective 3: Develop techniques to ensure the sensitivity and reliability
of detection of 10 parts per billion or less in waters of a
variety of water chemistries.

Task 3.1 Develop techniques to concentrate all three forms of
malachite green from water and to extract them from the

filter medium.

Well water samples spiked with 50.0 ppb leuco malachite green were
analyzed in triplicate. The mean recovery for the three samples was 55.7%
with a standard deviation of 2.64 (Table 4). Leuco malachite green
recoveries were low. The lower recovery of leuco malachite green is
possibly due to photolysis or other types of decomposition, and possible
adsorption to glass and plastic surfaces.

Table 4. Mean recovery and standard deviation (STDS) of leuco malachite
green (LEUCO) from well water spiked with 50 ppb of leuco
malachite green.

Leuco
conc. Mean %
Sample recovered Percent recovered
number (pob) recovered (stds)
| 26.4 52.7 55.7
(2.64)
2 28.7 57.5
3 28.5 57.0

Well water samples spiked with 50.0 ppb carbinol were also analyzed in
triplicate (Appendix E). The mean recovery for the carbinol samples was

98.6% with a standard deviation of 2.18 (Table 5).

11




Table 5. Mean recovery and standard deviation (STDS) of malachite green
carbinol from well water spiked with 50 ppb of carbinol.

MGR Carbinol
conc. Conc.® Mean
Sample  recovered recovered Percent  recovery
number [(a59)} (ppb) recovered (stds)
1 57.2 49.1 98.2 98.6
(2.18)
2 59.1 50.7 101
3 56.3 48.4 96.7
®MGR to Carbinol Mol. Wt. of Carbinol (346.48)
Conversi®on Factor = = 0.85866

Mol. Wt. of MGR Oxalate (927.02)/2

Carbinol i1s detected as malachite green because it is converted to the
chromatic form during the diol extraction procedure with p-toluene sulfonic
acid and methanol (Task 3.1). The leuco form is converted to the chromatic
form during the post-column oxidation as shown in Task 3.1.

Task 3.2 Develop means to convert all three chemical forms to a
common form so that the total malachite green present can
be determined by the method(s) developed in objective 2.

Both leuco malachite green and carbinol were converted to the chromatic
form of malachite green to enable HPLC detection at 618 nm. Sample
chromatograms are shown in Appendix E.

Task 3.3 Determine sensitivity and reliability of the analytical
methods for malachite green in waters of pH 6.0, 7.0, and
8.0.

Deionized water samples were buffered to pH 6.0, 7.0, and 9.0 with
1.0 M NaOH and KH,P0,. The well water samples were pH 8.0. The water
samples at various pHs were spiked with 50.0 ppb of malachite green and
leuco malachite green and analyzed using the HPLC procedure with diol-column
extraction.

Three samples of the deionized water, buffered to pH 6.0, 7.0, or 9.0
were analyzed for malachite green and leuco malachite green. Six samples of

12



pH 8.0 well water were also analyzed for malachite green and leuco malachite
green (Appendix F). The mean recoveries for leuco malachite green at pH
6.0, 7.0, 8.0, and 9.0 were 61.2%, 50.1%, 48.3%, and 39.1%, respectively.
The mean recoveries for malachite green at pH 6.0, 7.0, 8.0, and 9.0 were
98.3%, 91.7%, 98.3%, and 99.3%, respectively (Table 6). Malachite green
recovery did not appear to be affected by pH in this study. However, the
recovery of leuco malachite green ranged from 39.1% at pH 9 to 61.2% at pH 6
(Fig. 2). The pH of water samples should be adjusted to pH 6 before
extraction in order to obtain the optimum recovery of leuco malachite green.

Table 6. Mean percent recoveries and standard deviations (STDS) of
malachite green and leuco malachite green from waters of various

pHs.
Mean percent recovery
Chemical pH 6 pH 7 pH g pH 9
form (stds) (stds) (stds) (stds)
LEUCO 61.2 50.1 48.3 39.1
(2.89) (2.72) (7.86) (0.90)
MGR 98.3 91.7 98.3 99.3
(2.87) (5.64) (5.59) (1.98)
LEUCO 79.7 70.9 73.3 69.2
t MGR (2.10) (4.06) (6.51) (0.54)
lauco-malachite green
3 malachite green
100 ¥
B 1 H [+
g 7s
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Figure 2. Mean percent recoveries and standard deviations of leuco
malachite green and malachite green from waters of various pH
levels (Table 6).
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Objective 4: Determine if the developed method will accurately detect
levels of malachite green at 10 ppb or less in actual
hatchery effluents that contain feces, debris, biota, and
metabolites.

Task 4.1 Develop protocols for collecting, preserving, and shipping
water samples. Samples shall be collected from treated
hatchery water ahead of the carbon filter and in the
effluent from the filter.

Samples collected from a pond, tank, raceway, or hatchery effluent
should be placed in brown glass bottles and stored in a refrigerator.
Malachite green and i1ts carbinol and leuco forms are susceptible to
photolysis and should be protected from light. Malachite green is not being
used on salmon hatcheries and no carbon filtration systems have been
installed on salmon hatcheries. Therefore, no samples were collected and
analyzed from hatchery water. The pond water spiked with malachite green
simulates actual hatchery water.

Task 4.2 Determine sensitivity and reliability of the analytical
method for malachite green in NFH water containing fish
feces, debris, biota, clay turbidity, and metabolites.

Pond water spiked at 25.0, 50.0, and 100 ppb each of leuco malachite
green and malachite green were analyzed using the HPLC method after sample
enrichment on Baker 10 Diol columns. The total recoveries of malachite
green plus leuco malachite green were 77.4%, 74.0%, and 79.8% at spiking
concentrations of 25.0, 50.0, and 100 ppb, respectively. Mean recoveries of
leuco malachite green at 25.0, 50.0, and 100 ppb were 58.5%, 50.8%, and
62.5%, respectively. Mean recoveries of malachite green at 25.0, 50.0, and
100 ppb were 96.23, 93.0%, and 97.0%, respectively (Table 7). The
concentration of the spike had little influence on the recovery of the
malachite green residues in pond water. No interferences in the analysis
were noted from the pond water samples. Chromatograms of pond water samples
are shown in Appendix G.

Summary

Well water spiked with 10.0 ppb each of malachite green and leuco
malachite green followed by HPLC analysis with sample enrichment using the
Baker 10 Diol column gave an average extraction and recovery of 110% and
45.0%, respectively. The total recovery of malachite green plus leuco
malachite green averaged 77.3%. The lower recovery of leuco malachite green
Is possibly due to photolysis or other types of decomposition, and possible
adsorption to glass and plastic surfaces. Well water spiked with 50.0 ppb
of leuco malachite green gave an average recovery 55.7%.
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Table 7.  Mean percent recoveries and standard deviations (STDS) of
malachite green residues from pond water spiked at concentrations
of 25.0, 50.0, and 100 ppb each of leuco malachite green (LEUCO)
and malachite green (MGR).

Mean percent recovered at:

Chemical 50 ppb 100 ppb
form 25 ppb® (stds) (stds)
LEUCO 58.5 50.8 62.5

(4.67) (0.89)

MGR 96.2 93.0 97.0
(3.52) (2.30)

LEUCO 77.4 74.0 79.8
t MGR (3.78) (0.85)

® Only two samples were analyzed at the 25-ppb level and no standard
deviation was calculated.

The acidic conditions of the extraction and analysis convert any
carbinol form of malachite green to the chromatic form and it is then
detected as malachite green. Water samples spiked with 50.0 ppb of
malachite green carbinol gave an average recovery of 98.6%.

The method minimum detection concentration was determined by analyzing
seven replicate samples of water spiked with 25.0 ppb each of malachite
green and leuco malachite green. The minimum detection level was 2.83 ppb
for malachite green and 2.01 ppb for leuco malachite green.

The effect of pH on the recovery of malachite green and leuco malachite
green was investigated by analyzing samples of water buffered to various
pHs. Three samples of the deionized water buffered to pH 6.0, 7.0, and 9.0
were spiked with 50.0 ppb of leuco malachite green and malachite green. Six
samples of pH 8.0 well water were also spiked with 50.0 ppb of malachite
green and leuco malachite green. The samples were analyzed for residues of
malachite green. The mean recovery of leuco malachite green at pH 6.0, 7.0,
8.0, and 9.0 were 61.2%, 50.1%, 48.3%, and 39.1%, respectively. The mean
recovery of malachite green at pH 6.0, 7.0, 8.0, and 9.0 were 98.33, 91.7%,
98.3%, and 99.3%, respectively. This indicates that the method is most
effective on water samples of pH 6. Malachite green recovery did not appear
to be affected by pH in this study. However, the recovery of leuco
malachite green ranged from 39.1% at pH 9 to 61.2% at pH 6. The pH of water
samples should be adjusted to pH 6 before extraction in order to obtain the
optimum recovery of leuco malachite green.

15



Water from a pond which contained fish at the National Fisheries
Research Center was spiked with 25.0, 50.0, and 100 ppb each of malachite
green and leuco malachite green. Mean recoveries of leuco malachite green
at 25.0, 50.0, and 100 ppb were 58.5%, 50.8%, and 62.5%, respectively. Mean
recoveries of malachite green at 25.0, 50.0, and 100 ppb were 96.23, 93.0%,
and 97.0%, respectively. The total recoveries of malachite green plus leuco
malachite green were 77.43, 74.0%, and 79.8% at spiking concentrations of
25.0, 50.0, and 100 ppb, respectively. The concentration of the spike had
little influence on the recovery of the malachite green residues in pond
water. No interferences in the analysis were noted from the pond water

samples.

The HPLC method of analysis with residue enrichment on a Baker 10 Diol
column is capable of detecting residues of malachite green at concentrations
of less than 10 ppb. The method requires residue enrichment followed by
HPLC for separation of the leuco and chromatic forms and detection of the
residues with a spectrophotometric detector at 618 nm. The detection at
618 nm gives the advantage of high sensitivity for this dye and increased
specificity for the chemical in this region of the spectrum.

A single HPLC pump, injector, C,; column, post-column oxidizer,
variable wavelength detector, and a recorder or data system make up the
instrumentation needed for the analysis. The fabrication of the post-column
oxidation reactor requires no special equipment.

Conclusions

The HPLC equipment needed for the method includes as follows: a single
HPLC pump, injector, C,, column, post-column oxidizer, variable wavelength
detector, and a recorder or data system. The fabrication of the post-column
oxidation reactor, which is not commercially available, requires no special
equipment.

The method is simple and rapid. Extraction of the residues of
malachite green from water on a Baker 10 Diol column and subsequent elution
of the residues from the column in a small volume of 0.05 M p-toluene
sulfonic acid takes approximately 20 minutes. HPLC analysis, after
standards have been run, takes about 17 minutes per sample.

The method shows good reproducibility and will detect residues of
malachite green present in water in the form of the parent chemical and in
its leuco or carbinol forms. The method is capable of determining residues
of malachite green at concentrations of less than 10 ppb in water. The
recovery of leuco malachite green is low but the reproducibility and high
sensitivity of the method for this form of the chemical allow its detection
at very low concentrations.
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Sunmary of Expenditures
Billed to BPA as of March 21, 1991

Denver Finance Center Overhead . . . . . . . . . . . . .. $ 24,099.98
Equipment, HPLC . . . _ . - . . - - . o o o . o o . o o .. 34,863.23
Services and Supplies . . . . . . . o . o o o o Lo o .. 17,319.00
Travel . . o o o L L Lo oL oo Lol oo 723.00
National Fisheries Research Center Overhead . . . . . . . . 2,247.87
Salaries . . . . o . o L L L L L Lo i i o i e e e 81.407.67
Cumulative Invoiced Expenditures to Date . . . . . . . . . $160,660.00
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14C-Malachite Green Extraction From Water - STANDARD SOLUTION SAMPLES

USER#: 0 6

ID: MCR-TLC

BSF version: 2
Instrument type:

File information:

Extracted from A:

L.S5801

Filename: A:\14C-MGR\WATEXGP1.wk1
14C-Malachite Green Extraction From Water--Group 1
\UND6-001.BSF

DATE: FEB 02 1989
TIME: 15:06
DATE: FEB 06 1989
TIME: 11:16

Study N&r.....
Proofed by....

.......... MCR8901
............. M 2/21/89

Lab notebook # and pages... Pages 5-11

SAMPLE DPM MEAN DPM/2ml
ID CHANNEL 1 DPM/2ml - BKG (SD) DPM/50ml

0.5ppm Std Soln 1 2061.99 2010.92

0.5ppm Std Soln 2 2071.64 2020.56

0.5ppm Std Soln 3 2014.42 1963.34

0.5ppm Std Soln 4 2068.98 2017.90

0.5ppm Std Soln 5 2073.03 2021.95 2006.93 50173.33
24.74

0.1ppm Std Soln ! 1851.15 1800.07

0.1ppm Std Soln 2 1977.29 1926.21

0.1ppm Std Soln 3 1917.43 1866.35

0.1ppm Std Soln 4 1985.00 1933.92

0.1ppm Std Soln 5 1992.50 1941.43 1893.60 47339.93
60.14

0.05ppm Std Soln 1 1937.69 1886.61

0.05ppm Std Soln 2 1974.36 1923.28

0.05ppm Std Soln 3 1992.33 1941.25

0.05ppm Std Soln 4 2040.50 1989.42

0.05ppm Std Soln 5 2032.26 1981.19 1944.35 48608.75
42.36
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14C-Malachite Green Extraction From Water - 0.5 ppm WASH SAMPLES

USER#: 0 6 DATE: FEB 02 1989 Study N&r............... MGR8901

ID: HGR-TLC TIME: 15:06 Proofed by................. JM¥ 2/21/89
BSF version: 2 DATE: FEB 06 1989 Lab notebook # and pages... Pages 5-11
Instrument type: LS5801 TIME: 11:16

Filename: A:\14C-MGR\WATEXGP1.wk1
File infommtion: 14C-Malachite Green Extraction From Water--Group 1
Extracted from A:\UNO6-001.BSF

SAMPLE DPM TOTAL DPM X OF APPLIED AVG X OF
1D CHANNEL 1 DPM = BKG IN WASH DPM APPLIED DPM
(sD)

Run#1 0.5ppm Uashl 377.69 327.33

Run#1 0.5ppm Wash2 383.38 333.02

Run#1 0.5ppm Uash3 394.16 343.80

Run#1 0.5ppm Washé4 391.43 341.08

Run#1 0.5ppm WashS 413.33 362.98 1708.22 3.40

Run#2 0.5ppm Uashl 418.92 368.56

Run#2 0.5ppm Wash2 403.15 352.79

Run#2 0.5ppm Uash3 419.50 369.14

Run#2 0.5ppm Uash4 417.94 367.59

Run#2 0.5ppm WashS 398.20 347.84 1805.93 3 . 6 8

Run#3 0.5ppm Uashl 433.25 382.89

Run#3 0.5ppm Wash2 425.10 374.75

Run#3 0.5ppm Wash3 417.09 366.73

Run¥3 0.5ppm Uash4 425.76 375.41

Run#¥3 0.5ppm WashS 367.51 317.15 1816.94 3.62

Run#4 0.Sppm Uashl 422.86 372.51

Run¥s 0.5ppm Wash2 406.86 356.51

Run#4 0.5ppm Uash3 418.62 368.26

Run#s 0.5ppm Washé 406.83 356.48

Run#4 0.5ppm WashS 370.50 320.14 1773.90 3.54

Rur¥S 0.5ppm Uashl 418.02 367.66

Run¥S 0.5ppm Wash2 418.81 368.46

Rur¥S 0.5ppm Uash3 417.56 367.20

Run#S 0.5ppm Washé 419.67 369.32

Run¥#S 0.5ppm Uash5 384.36 334.01 1806.65 3.60

3.55
0.09
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14C-Malachite Green Extraction From Uater = 0.5 ppm

FLUSH SAMPLES

USER#: 0 6 DATE: FEB 02 1989 Study Number.....ceecenanas MGR8901
ID: MGR-TLC TIME: 15:06 Proofed by................. JM 2/721/89
BSF version: 2 DATE: FEB 06 1989 Lab notebook # and pages... Pages 5-11
Instrument type: LS5801 TIME: 11:16
Filename: A:\14C-MGR\WATEXGP1.wk1
File information: 14C-Malachite Green Extraction From Water--Group 1
Extracted from A:\UN06-001.BSF
SAMPLE DPM MEAN TOTAL DPM X OF APPLIED AVG ¥ OF
1D CHANNEL 1 DPM/50ul - BKG DPM/50ul - BKG IN FLUSH DPM APPLIED DPM
(sD) (SD)
Run#1 0.5ppm Flushl 1238.93 1157.48
Run#1 0.5ppm Flush2 1244.46 1163.01
Run#1 0.Sppm Flush3 1279.10 1197.65 1172.72 46908.65 93.49
21.77
Run#2 0.5ppm Flushl 1341.20 1259.75
Run#2 0.5ppm Flush2 1348.30 1266.85
Run#2 0.5ppm Flush3  1345.34 1263.89 1263.49 50539.78 100.73
3.56
‘Run¥3 0.5ppm Flushi 1329.56 1248.11
Run#3 0.5ppm Flush2 1304.84 1223.39
Run#3 0.5ppm Flush3  1288.86 1207.41 1226.30 49052.15 97.77
20.50
Run#4 0.5ppm Flushi 1280.63 1199.18
Run#4 0.5ppm Flush?2 1271.10 1189.65
Run#4 0.5ppm Flush3  1328.22 1246.78 1211.87 48474.86 96.61
30.60
Run#5 0.Sppm Flushl 1282.36 1200.91
Run#5 0.5ppm Flush?2 1315.34 1233.89
Run#5 0.5ppm Flush3  1378.54 1297.09 1243.96 49758.49 99.17
48.88
97.56
2.74
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14C-Malachite Green Extraction From Uater - 0.05 ppm WASH SAMPLES

USER#: 06 DATE: FEB 02 1989 Study Numbefr....... essssees MGR8I0OL

ID: MGR-TLC TIME: 15:06 Proofed by................. JM 2721789
BSF version: 2 DATE: FEB 06 1989 Lab notebook # and pages... Pages 5-11
Instrument type: LS5801 TIME: 11:16

Filename: A:\14C-MGR\WATEXGP1.wk1
File infomtion: 14C-Malachite Green Extraction From Uater--Group 1
Extracted from A:\UN0O6-001.BSF

SAMPLE DPM TOTAL DPM % OF APPLIED AVG % OF
ID CHANNEL 1 DPM - BKG IN WASH DPM APPLIED DPM
(S0)
Run#1 0.0Sppm Uashl 383.84 333.48
Run#1 0.05ppm Wash2 384.50 334.14
Run#1 0.0Sppm Uash3 405.16 354.81
Run#1 0.05ppm Uash4 382.33 331.97
Run¥1 0.05ppm WashS 326.34 275.98 1630.39 3.35
Run#2 0.05ppm Uashl 407.64 357.29
Run#2 0.05ppm Wash?2 400.84 350.48
Run#2 0.05ppm Wash3 408.06 357.71
Run#2 0.05ppm Uash4 422.76 372.41
Run#2 0.05ppm Wash5 356.31 305.95 1743.84 3.59
Run#3 0.05ppm Uashl 404.28 353.93
Run#3 0.0Sppm Wash2 411.87 361.52
Run#3 0.05ppm Uash3 404.76 354.41
Run#¥3 0.05ppm Wash4 403.10 352.74
Run#3 0.05ppm WashS 395.70 345.35 1767.95 3.64
Run#4 0.05ppm Uashl 417.58 367.23
Run#4 0.05ppm Wash2 419.54 369.19
Run#4 0.05ppm Uash3 402.88 352.53
Run#¥4 0.05ppm Uash4 452.18 401.83
Run#4 0.0Sppm WashS 358.41 308.06 1798.83 3.70
Run#S 0.05ppm Washi 455.92 405.57
RUN¥S 0.05ppm Wash2 462.33 411.98
Run¥#S 0.05ppm Wash3 452.13 401.77
Run#S 0.0Sppm Washé 442.23 391.87
Run#S 0.05ppm WashS 425.12 374.77 1985.96 4.09
3.67
0.27
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14C-Malachite Green Extraction From Water = 0.05 ppm

USER#: 0 6

ID: MGR-TLC

BSF version: 2

Instrument type: LS5801
Filename: A:z\14C-MGR\WATEXGP1.wk1

DATE:
TIME:
DATE:
TIME:

FLUSH SAMPLES

FEB 02 1989
15:06
FEB 06 1989
11:16

Study Nuder...............

Proofed by

MGR8901

.. M 2/21/89

Lab notebook # and pages... Pages 5-11

File information: 14C-Malachite Green Extraction From Water--Group 1

Extracted from A:\UN0O6-001.BSF

SAMPLE DPM MEAN TOTAL DPM X OF APPLIED AVG % OF
ID CHANNEL 1 DPM/SOul - BKG DPM/S0ul - BKG IN FLUSH DPM APPLIED DPH
(sD) (SD)
Run#1 0.05ppm Flush1 1218.60 1137.15
Run#1 0.05ppm Flush2 1222.71 1141.26
Run#1 0.0Sppm Flush3 1204.25 1122.80 1133.74 45349.53 93.29
9.69
Run¥2 0.05ppm Flushl 1302.82 1221.37
Run#2 0.05ppm Flush2 1310.18 1228.73
Run#2 0.0Sppm Flush3 1278.65 1197.20 1215.77 48630.81 100.05
16.50
Run#¥3 0.0Sppm Flushl 1244.46 1163.01
Run#3 0.05ppm Flush2 1229.48 1148.03
Run#3 0.05ppm Flush3 1228.99 1147.54 1152.86 46114.51 94.87
8.79
Run#4 0.05ppm Flush1 1183.65 1102.20
Run#4 0.05ppm Flush2 1285.56 1204.11
Run#4 0.0Sppm Flush3 1190.58 1109.13 1138.48 45539.22 93.69
56.94
Rur#S 0.05ppm Flush1 1106.64 1025.19
Run#¥S 0.05ppm Flush2 1195.68 1114.23
Run#¥S 0.0Sppm Flush3 1048.41 966.96 1035.46 41418.54 85.21
74.17
93.42
5.33
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14C-Malachite Green Extraction From Uater - 0.1 ppm WASH SAMPLES

USER#: 0 6 DATE: FEB 02 1989 Study Nuder............... MGR8901

10: MGR-TLC TIME: 15:06 Proofed by................. IJM 2721789
BSF version: 2 DATE: FEB 06 1989 Lab notebook # and pages... Pages 5-11
Instrument type: LS5801 TIME: 11:16

Filename: A:\14C-MGR\WATEXGP1.wk1
File information: 14C-Malachite Green Extraction From Water--Group 1
Extracted from A:\UNO6-001.BSF

SAMPLE DPM TOTAL OPM X OF APPLIED AVG X OF
ID CHANNEL 1 DPM - BKG IN WASH DPM APPLIED DPM
(SD)
Run#1 0.1ppm Uashl 364.79 314.44
Run#1 0.1ppm Wash2 375.70 325.35
Run#1 0.1ppm Uash3 371.02 320.67
Run#1 0.1ppm Wash4 382.03 331.68
Run#1 0.1ppm WashS 332.30 281.95 1574.09 3.33
Run#¥2 0.1ppm Uashl 391.27 340.91
Run#2 0.1ppm Wash2 385.43 335.07
Run#2 0.1ppm Uash3 378.19 327.84
Run#2 0.1ppm Washé 391.13 340.78
Rur#2 0.1ppm Uash5 325.67 275.32 1619.93 3.42
Run¥3 0.1ppm Wash1 354.40 304.05
Run#3 0.1ppm Wash2 361.08 310.72
Run#3 0.1ppm Uash3 358.56 308.21
Run#3 0.1ppm Washé 370.03 319.68
Run#3 0.1ppm WashS 334.52 284.17 1526.83 3.23
Run#s 0.1ppm Uashl 384.83 334.47
Run#s 0.1ppm Wash2 378.13 327.78
Run#4 0.1ppm Uash3 399.85 349.49
Run#4 0.1ppm Washé 395.46 345.10
Run#s 0.1ppm WashS 338.41 288.06 1644.91 3.47
RUN#S 0.1ppm Uashl 392.75 342.40
RUN#S 0.1ppm Wash2 394.04 343.69
Run#5 0.1ppm Wash3 396.41 346.06
Run#S 0.1ppm Uash4 404.08 353.73
Run#5 0.1ppm WashS 348.16 297.81 1683.68 3.56
3.40
0.13

27



14C-Malachite Green Extraction From Uater = 0.1 ppm FLUSH SAMPLES

USER#: 0 6
ID: MGR-TLC
BSF version: 2

Instrument type: LS5801

Filename: A:\14C-MGR\WATEXGP1.wk1

DATE:
TIME:
DATE:
TIME:

FEB 02 1989
15:06
FEB 06 1989
11:16

Study Number............... MGR8901

Proofed by

.. dM 2721789

Lab notebook # and pages... Pages 5-11

File information: 14C-Malachite Green Extraction From Uater--Group 1

Extracted from A:\UN06-001.BSF

SAMPLE DPM MEAN TOTAL DPM X OF APPLIED AVG X OF
ID CHANNEL 1 DPM/S50ul - BKG DPM/50ul - BKG IN FLUSH DPM APPLIED DPM
({S0) (SD)
Run#1 0.1ppm Flush1l 1219.82 1138.37
Run#1 0.1ppm Flush?2 1236.09 1154.64
Run#1 0.1ppm Flush3 1234.95 1153.50 1148.84 45953.46 97.07
9.08
Run#2 0.1ppm Flushl 1303.02 1221.57
Run#2 0.1ppm Flush?2 1280.76 1199.31
Run#2 0.1ppm Flush3 1283.70 1202.25 1207.71 48308.50 102.05
12.09
Run#3 O0.1ppm Flushl 1307.32 1225.87
Run#3 0.1ppm Flush2  1314.23 1232.78
Run¥3 0.1ppm Flush3 1305.49 1224.05 1227.57 49102.65 103.72
4.61
Run#4 0.1ppm Flusht 1278.29 1196.84
Run#4 0.1ppm Flush?2 1290.15 1208.70
Run#4 0.1ppm Flush3 1302.37 1220.92 1208.82 48352.83 102.14
12.04
Run#S 0.1ppm Flushl 1229.05 1147.60
Run#S 0.1ppm Flush2 1309.90 1228.45
Run#5 0.1ppm Flush3 1287.22 1205.77 1193.94 47757.67 100.88
41.70
101.17
2.51
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14C Malachite Green Extraction From Water - GROUP 2 EXTRACTION-- ANALYS:IS OF STANDARD SOLUTIONS

USER#: 06
ID: MGR-TLC
BSF version:

Instrument type: LS5801

2

DATE:
TIME:
DATE:
TIME:

Filename: A:\14C-MGR\WATEXGP2.WK1

File information:
Extracted from A:\UN06-003.8SF

FE8 17 1989
07:27
FE8 22 1989
08:24

Study Number....
Proofed by......

.. .....MGR8901
. Jm 3/8/89

Lab notebook # and pages... Pages 14-16

14C-Malachite Green Extraction From Water--Group 2

SAMPLE POSITION SAMPLE DPM MEAN DPM/2m1
NUMBER NUMBER 10 CHANNEL 1 DPM/2mi - BKG (sD) DPM/50m1
55 44- 1 0.05ppm Std Soln 1 4019.47 3965.71
56 44- 2 0.05ppm Std Soln 2 4215.29 4161.53
57 44- 3 0.05ppm Std Soln 3 4267.26 4213.51
58 44~ 4 0.05ppm Std Soln 4 4331.74 4277.99
59 44- 5 0.05ppm Std Soln 5 4339.85 4286.09 4180.97 104524.17
130.61
60 44- 6 0.01ppm Std Soln 1 900.90 847.15
61 44- 7 0.0lppm Std Soln 2 905.35 851.60
62 44- 8 0.0lppm Std Soln 3 907.63 853.88
63 44- 9 0.0lppm Std Soln 4 910.14 856.39
64 44-10 0.01ppm Std Soln 5 901.80 848.04 851.41  21285.28
3.89
65 44-11 0.005ppm Std Soln 1 397.86 344.10
66 44-12 0.005ppm Std Soln 2 418.96 365.21
67 60- 1 0.005ppm Std Soln 3 418.64 364.88
68 6D- 2 D.005ppm Std Soln 4 428.67 374.91
69 60- 3 0.005ppm Std Soln 5 424 .41 370.66 363.95 9098.81
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14C Malachite Green Extraction From Water - GROUP 2 EXTRACTION-- ANALYSIS OF 0.05 ppm WASH SAMPLES

USER#: 06 DATE: FE8 17 1989 Study Number............... MGR8301

10: MGR-TLC TIME: 07:27 Proofed by................. v 3/8/8%
BSF version: 2 DATE: FE8 22 1989 Lab notebook # and pages... Pages 14-16
Instrument type: LS5801 TIME: 08:24

Filename: A:\14C-MGR\WATEXGPZ2.WK1
File information: 14C-Malachite Green Extraction From Water--Group 2
Extracted from A:\UN06-003.BSF

SAMPLE POSITION SAMPLE DPM TOTAL DPM % OF APPLIED AVG % OF
NUMBER NUMBER ] CHANNEL 1 DPM - BKG IN WASH OPM APPLIEO DPM
(s0)
70 60- 4 Runfl 0.0Sppm Wash 1 574.43 525.03
71 60- 5 Runfl 0.0Sppm Wash 2 677.75 628.34
72 60- 6 Runfl 0.0Sppm Wash 3 686.95 637.54
73 60- 7 Runfl 0.05ppm Wash 4 736.38 686.97
74 60- 8 Runfl 0.05ppm Wash 5 701.96 652.55 3130.44 2.99
75 60- 9 Run#2 0.05ppm Wash 1 956.41 907.00
76 60-10 Run#2 0.05ppm Wash 2 936.43 887.02
77 60-11 Run#2 0.05ppm Wash 3 572.04 522.63
78 60-12 Run#2 0.0Sppm Wash 4 542.54 493.13
79 42- 1 Run#2 0.05ppm Wash 5 544 .17 494.76 3304.55 3.16
80 42- 2 Run#3 0.05ppm Wash 1 778.12 728.71
81 42- 3 Runt3 0.05ppm Wash 2 733.34 683.93
82 42- 4 Runf3 0.05ppm Wash 3 764.24 714.83
83 42- 5 Run#3 0.05ppm Wash 4 694.22 644.82
84 42- 6 Run#3 0.05ppm Wash 5 577.56 528.15 3300.44 3.16
85 42- 7 Run#4 0.05ppm Wash 1 797.58 748.17
86 42- 8 Run#4 0.05ppm Wash 2 784.87 735.46
87 42- 9 Runf4 0.05ppm Wash 3 802.98 753.57
88 42-10 Runfl 0.05ppm Wash 4 804.40 754.99
89 42-11 Runf4 0.05ppm Wash 5 572.02 522.62 3514.81 3.36
90 42-12 Run#S 0.05ppm Wash 1 770.83 721.42
9] 40- 1} Run#S 0.05ppm Wash 2 783.07 733.66
92 40- 2 Run#5 0.05ppm Wash 3 772.40 722.99
93 40- 3 Run#5 0.05ppm Wash 4 770.95 721.54
94 40- 4 Run#S 0.05ppm Wash 5 604.15 554.74 3454.36 3.30
3.20
0.14
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14C Malachite Green Extraction From Water - GROUP 2 EXTRACTION-- ANALYSIS OF 0.05 ppm FLUSH SAMPLES

USER#: 0 6
ID: HGR-TLC

BSF version:

Instrument type: LS5801

Filename:
File information:

A:\14C-MGR\WATEXGP2.WK1
14C-Malachite Green Extraction From Water--Group 2

Extracted from A:\UN06-003.BSF

DATE: FE8 17 1989
TIME: 07:27
DATE: FEB 22 1989
TIME: 08:24

Study Number............... MGR8901
Proofed by.................
Lab notebook # and pages... Pages 14-16

JM 3/8/89

SAMPLE POSITION SAMPLE DPM MEAN DPM/100ul  TOTAL DPM X OF APPLIED AVG % OF
NUMBER NUMBER ID CHANNEL 1 DPM/100ul - BKG (sD) IN FLUSH DPH APPLIED DPM
(sD)>
151 22- 1 Run#1 0.05ppm Flush 1 5223.15 5133.41
152 22-2 Run#1 0.05ppm Flush 2 5118.11 5028.36
153 22- 3 Run#1 0.05ppm Flush 3 5144.08 5054.33 5072.03 101440.66 97.05
54.71
154 22- 4 Run#2 0.05ppm Flush 1 5003.06 4913.31
155 22- 5 Run#2 0.05ppm Flush 2 4994.61 4904.86
156 22- 6 Run#¥2 0.05ppm Flush 3 5342.80 5253.05 5023.74 100474.83 96.13
198.63
157 22- 7 Run¥3 0.0Sppm Flush 1 5321.48 5231.73
158 22- 8 Run¥3 0.05ppm Flush 2 5412.22 5322.47
159 22-9 Run#3 0.05ppm Flush 3 5292.32 5202.58 5252.26 105045.19 100.50
62.53
160 22-10 Run#4 0.05ppm Flush 1 5295.19 5205.44
161 22-11 Run#4 0.05ppm Flush 2 5358.79 5269.05
162 22-12 Run#4 0.05ppm Flush 3 5358.01 5268.26 5247.58  104951.67 100.41
36.50
163 22-13 Rur#S 0.05ppm Flush 1 4633.24 4543.49
164 22-14 Run#¥5 0.05ppm Flush 2 5609.58 5519.83
165 22-15 Run#5 0.05ppm Flush 3 5562.56 5472.82 5178.71 103574.23 99.09
550.62
98.63
1.98
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14C Malachite Green Extraction From Water « GROUP 2 EXTRACTION-- ANALYSIS OF 0.01 ppm WASH SAMPLES

USER#: 0 6 DATE: FEB 17 1989 Study Number.........c.ceee MGR8901

ID: MGR-TLC TIME: 07:27 Proofed by................. JM 3/8/89
BSF version: 2 DATE: FEB 22 1989 Lab notebook # and pages... Pages 14-16
Instrument type: L$5801 TIME: 08:24

Filename: A:\14C-MGR\WATEXGP2.WK1
File information: 14C-Malachite Green Extraction From Water--Group 2
Extracted from A:\UNO6-003.BSF

SAMPLE ~ POSITION SAMPLE DPM TOTAL DPM X OF APPLIED AVG X OF
NUMBER NUMBER ID CHANNEL 1 DPM - BKG IN WASH DPM APPLIED OPM
(SD)
95 40-5 Run#1 0.01ppm Wash 1 178.05 128.64
96 40- 6 Run¥1 0.01ppm Wash 2 184.71 135.31
97 40-7 Run#1 0.01ppm Wash 3 181.87 132.46
98 40-38 Run#1 0.01ppm Uash 4 182.27 132.86
99 40- 9 Run#1 0.01ppm Wash 5 187.48 138.07 667.34 3.14
100 40-10 Run#¥2 0.01ppm Wash 1 182.79 133.38
101 40-11 Run#2 0.01ppm Wash 2 187.93 138.53
102 40-12 Run#¥2 0.01ppm Uash 3 182.28 132.88
103 61- 1 Run#2 0.01ppm Wash 4 170.60 121.19
104 61- 2 Run¥2 0.01ppm Wash 5 163.60 114.19 640.17 3.01
105 61-3 Run¥3 0.01ppm Uash 1 195.42 146.01
106 61- 4 Run#3 0.01ppm Wash 2 194.47 145.07
107 61- 5 Run¥3 0.01ppm Wash 3 197.43 148.03
108 61-6 Run#3 0.01ppm Wash 4 201.27 151.86
109 61-7 Run#3 0.01ppm Wash 5 158.04 108.64 699.60 3.29
110 61- 8 Run#é 0.01ppm Wash 1 199.33 149.92
111 61-9 Run¥s 0.01ppm Wash 2 203.23 153.82
112 61-10 Run¥#4 0.01ppm Wash 3 202.38 152.97
113 61-11 Run#4 0.01ppm Wash 4 189.38 139.97
114 61-12 Run¥4 0.01ppm Uash 5 139.26 89.86 686.54 3.23
115 55-1 Run#5 0.01ppm Wash 1 201.37 151.96
116 55- 2 RuwS 0.01ppm Wash 2 199.00 149.59
117 55-3 Run#S 0.01ppm Wash 3 206.36 156.95
118 55-4 Run#5 0.01ppm Wash 4 188.19 138.79
119 55-5 Run#5 0.01ppm Wash 5 164.63 115.22 712.52 3.35
3.20
0.13
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14C Malachite Green Extraction From Water = GROUP 2 EXTRACTION-- ANALYSIS OF 0.01 ppm FLUSH SAMPLES

USER#: 0 6
ID: MGR-TLC

BSF version: 2

Instrument type: LS5801

Filename:
File information:

A:\14C-MGR\WATEXGP2 .WK1
14C-Malachite Green Extraction From Water--Group 2

Extracted from A:\UNO6-003.BSF

DATE: FEB 17 1989

TIME: 07:27

DATE: FEB 22 1989

TIME: 08:24

Study N&r.....
Proofed by.....

.......... MGRB901
............ JM 3/8/89

Lab notebook # and pages... Pages 14-16

SAMPLE POSITION SAMPLE DPM MEAN DPM/100ul TOTAL DPH % OF APPLIED AVG % OF
NUMBER NUMBER ID CHANNEL 1 DPM/100ul - BKG (SD) IN FLUSH DPM APPLIED OPM
(SD)
166 22-16  Run¥t 0.01ppm Flush 1 939.21 849.46
167 22-17  Run¥1 0.01ppm Flush 2 896.31 806.56
168 22-18 Run#1 0.01ppm Flush 3 995.45 905.70 853.91 17078.13 80.23
49.72
169 52- Run#2 0.01ppm Flush 1 1073.35 983.60
170 52- 2 Run#2 0.01ppm Flush 2 1141.70 1051.95
171 52- 3 Run#2 0.01ppm Flush 3 1163.91 1074.16 1036.57 20731.45 97.40
47.20
172 52- 4  Run#¥3 0.01ppm Flush 1 1080.20 990.45
173 52- Run#3 0.01ppm Flush 2 1159.77 1070.02
174 52- 6 Run#3 0.01ppm Flush 3 1125.73 1035.98 1032.15 20643.05 96.98
39.93
175 52- 7 Run#4 0.01ppm Flush 1 764.54 674.80
176 52- 8 Run#4 0.01ppm Flush 2 572.87 483.13
177 52- 9  Run#4 0.01ppm Flush 3 1262.28 1172.53 776.82 15536.35 72.99
355.84
178 52-10 Run#5 0.01ppm Flush 1 1055.96 966.22
179 52-11  Rur#¥S 0.01ppm Flush 2 1178.99 1089.25
180 52-12  Run#S 0.01ppm Flush 3 1048.75 959.00 1004.82  20096.45 94.41
73.20
88.40
11.12
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14C Malachite Green Extraction Fran Water = GROUP 2 EXTRACTION-- ANALYSIS OF 0.005 ppm WASH SAMPLES

USER#: 06
ID: HGR-TLC
BSF version: 2
Instrument type:
Filename:

File information:

155801
A:\14C-MGR\WATEXGP2 .WK1
14C-Malachite Green

DATE:
TIME:
DATE:
TIME:

Extracted from A:\UNO6-003.BSF

FE8 17 18
07:27
FEB 22 19
08:24

Study Number
Proofed by
Lab notebook # and pages...

Extractlon Fran Water--Group 2

MGR8901
M 3/8/89
Pages 14-16

SAMPLE POSITION SAMPLE DPM TOTAL DPM ¥ OF APPLIED AVG % OF
NUMBER NUMBER 1D CHANNEL 1 DPH - BKG IN WASH DPH APPLIED DPM
(sD)
120 55- 6 Runfl 0.005ppm Wash 1 101.48 52.07
121 55- 7 Run#1 0.005ppm Wash 2 116.06 66.65
122 55- 8 Runfl 0.005ppm Wash 3 120.67 71.26
123 55- 8 Runfl 0.005ppm Wash 4 122.20 72.80
124 55-10 Runfl 0.005ppm Wash 5 111.42 62.01 324.80 3.57
125 55-11 Runt2 0.00Sppm Wash 1 124.00 74.59
126 55-12 Run#2 0.005ppm Wash 2 125.43 76.02
127 46- 1 Runt2 0.00Sppm Wash 3 130.26 80.85
128 46- 2 Runt2 0.00Sppm Wash 4 114.91 65.50
129 46- 3 Run#2 0.00Sppm Wash § 103.26 53.85 350.82 3.86
130 46- 4 Run#3 0.005ppm Wash 1 120.13 70.73
131 46- 5 Run#3 0.005ppm Wash 2 121.45 72.04
132 46- 6 Run#3 0.005ppm Wash 3 127.33 77.93
133 46- 7 Runf3 0.005ppm Wash 4 123.09 73.69
134 46- 8 Run#3 0.005ppm Wash 5 98.32 48.91 343.29 3.77
135 46- 9 Runf4 0.00Sppm Wash 1 126.14 76.74
136 46-10 Runf4 0.005ppm Wash 2 121.92 72.51
137 46-11 Runf4 0.005ppm Yash 3 116.35 66.94
138 46-12 Run#4 0.005ppm Wash 4 122.46 73.05
139 6- 1 Run#4 0.005ppm Wash 5 94.23 44 .82 334.06 3.67
140 6- 2 RunfS 0.005ppm Wash 1 119.60 70.19
141 6- 3 RunfS 0.005ppm Wash 2 123.80 74.39
142 6- 4 Run#S 0.005ppm Wash 3 123.15 73.75
143 6- 5 RunfS 0.005ppm Wash 4 124.55 75.15
144 6- 6 RunfS 0.005ppm Wash 5 108.66 59.25 352.73 3.88
3.75
0.13
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14C Malachite Green Extraction From Water - GROUP 2 EXTRACTION-- ANALYSIS OF 0.005 ppm FLUSH SAMPLES

USER#: 06 DATE: FEB 17 1989 Study Number......ceeeeeenn MGR8901
ID: MGR-TLC TIME: 07:27 Proofed by................. JM 3/8/89
BSF version: 2 DATE: FEB 22 1989 Lab notebook # and pages... Pages 14-16
Instrunent type: LS5801 TIME: 08:24

Filename: A:\14C-MGR\WATEXGP2.WX1
File information: 14C-Malachite Green Extraction From Water--Group 2
Extracted from A:\UNO6-003.BSF

SAMPLE POSITION SAMPLE DPR MEAN DPM/100ul TOTAL DPM X OF APPLIE AVG X OF
NUMBER  NUMBER ID CHANNEL 1 DPM/100ul - BKC (sD) IN FLUSH DPM APPLIED DPM
(SD)
181 52-13 Run#1 0.005ppm Flush 1 508.10 418.35
182 52-14 Run#1 0.005ppm Flush 2 549.95 460.20
183 52-15 Run#1 0.005Sppm Flush 3  555.72 465.98 448.18 8963.51 98.51
25.99
184 52-16 Run#2 0.005ppm Flush 1 593.27 503.52
185 52-17 Run#2 0.005ppm Flush 2 580.82 491.07
186 52-18 Run#2 0.005ppm Flush 3  586.45 496.71 497.10 9941.98 109.27
6.23
187 12-1 Run#3 0.005ppm Flush 1 578.23 488.48
188 12- 2 Run#¥3 0.005ppm Flush 2 558.67 468.92
189 12- 3 Run¥3 0.005ppm Flush 3  591.36 501.62 486.34 9726.80 106.90
16.45
190 12- 4 Run#é 0.005ppm Flush 1 583.49 493.74
191 12-5 Run#4 0.005ppm Flush 2 605.58 515.84
192 12- 6 Run#é 0.005ppm Flush 3_ 611.87 522.12 510.57 10211.36 112.23
14.91
193 12-7 Run#5 0.005ppm Flush 1 601.03 511.29
194 12- 8 Run#5 0.005ppm Flush 2 596.22 506.47
1% 12-9 Run#5 0.005ppm Flush 3 589.34 499.60 505.78 10115.69 111.18
5.87
107.62
5.48
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Appendix C
Analytical Methods for Malachite Green

Project 89-040

Standard curves and chromatograms of malachite green
and leuco malachite green from well water samples spiked with 10 ppb,
description of the calculation of ppb from ng found by HPLC, and the
recovery of malachite green residues from well water samples spiked
with 10 ppb each of malachite green and leuco malachite green.
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Utilities Cdibrations ) 60LDV310

CRLIBRATION
Component # 1: leucongr .
(A) Pu 64K 0.7%5 Nethod: [ L |
. Coefficient of Deternination = 8.99771
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osee Calibration Gurve—Lincar LR Coc frea
’ B11 5.80000 6.82462
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Figure C.1. HPLC standard curves for leuco malachite green (A) and
malachite green (B).
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MTE

T
INJECTION 09139336 10 OCT 1990

.

REPORT  $0 47:39 30 APR 1991

C:\GOLD\SYSENETHY

DIRECTORY

COLLECTION OATA CAMSTMI® A 2 2 Orig Ci\GOLI\SYSIMATA\

WAME  CHMM LEV REP TYPE

NETHOD LMGRNPLC

W CHAN LEV REP TYPE DIRECTORY Tine DATE

COLLECTION BATA LUMSTOIO A 2 2 Orig Ca\GOLDASYSIMATAL IJECTION 60:39:34 10 OCT 9%
METHOD  LNGRWPLL C:\GOLOASYSIRETHY

REPORT MTA LANSTONI0 A 2 2 Orie  C:\GOLDASYSIDATANIOOCTYON REPORT 10146121 30 APR 1991
PETHOD  MGRNPLL C\GOLNSYSINETIA

SYSTER 1

fnalyst  Joha Alles, Jane Gofus, ond Mary Thospsen

Cosseats Study MROTO!L
MALACHITE GREEN AXD LEUCD WALACHITE am 10 NG STANDARD
PAGE 40
DISK: MOREROL-04 FILE: A:\DIOLEITR\I0OCTRO\LENSTD.SWP
File Folder: NGREYOI-Y4

Sasple  Sieple  lat St4  Scale e,  vial Inject
Trse Nase Msoent  Aeocuat Factor  Inj M. Vol ol

C:\GOLD\SYSIDATA\100CTS0\

LiNSTOte A 2 2 Orie

DATA

Cal LSOO 1.0000 272 » (froa File}
Peat Retention  Cospomeat  Concestralion  Peat Peat Response  Area  Neight
Nuaber  Tiae Nase ] e Height Factor Perceat Percent
& BEESR
1 4.503 leucoaqr 10.0000 173467  0.00364 A 62.88 86420
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SESEEE E E ESRSuERE
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Figure C.2. HPLC analysis and chromatogram for a leuco malachite green and
malachite green 10-ng standard made up in mobile phase.
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MIE

INJECTION 12:37:34 10 OCT {990

4L

WE O LEY REP TYPE  MIRECTORY

T Orfg CrABOLOASYSIBATA

1

COLLECTION DATA RINDETIO A

CoVEOUISYSIAETIN

METHOD  LSRWPLC

T MTE

[, 3 CHAN LEV AEP TYPE  BIRECTORY
COLLECTION BATA NINDEVIO A 1 2 Orlg C:\GOUISYSIBATA\ INJECTION 12:37:340 10 OCT 1990
NETHOD  LMGRNPLL Cs\GOLI\SYSIMETH\
REPORT PATA RINDETIO & 1 2 Orig C:\GOLBASYSIBATAVL0OCTYON REPORT 14527311 26 APR 1%9)
NETHOR  LMGRHPLL C2\GOLI\SYSIMETH\

s

fnalyst  Joda L. Allen and Jone E. Bofus

Cosamts Study NGRETOL
BI0L EITRACTION OF MALACHITE GREEN RESIDUES FROM TAP WATER

PAGE §0
DISK: MGRETOI-04 FILE : As\DIOLEXTR\IOOCTSO\NINDET10.5MP

File Folder: MGRE%01-34

Sasple  Sasaple  Int Std  Scile K.  Vial Inject
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Unt  NINDETLO 1.00000 2712 ] (froe File}
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MNuader  Tiae Nase [1] Conceatration  Area Height  Code  Factor Tise Percent Percent
sszase sraesages sxsssssexsasean S5 S S £X328T TTETRILAIL ERESTLLS SETIENE SRAZTER
1 4,439 leuconqr 5, 5401 27,418 0.97017 0.00312u O 6.4699  0.0000 40.252 73.710
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Figure C.3. HPLC analysis and chromatogram of a 10-ppb sample extract.
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Table C.1. Example of the calculation to convert HPLC nanograms to parts
per billion.

The 50-mL water samples were concentrated on the Baker 10 Diol column
and eluted from the column with 2.0 mL of 0.05 M p-toluene sulfonic acid in
methanol. A 0.05-mL HPLC injection was made. The concentrations of leuco
malachite green and malachite green were calculated from the ng found by
HPLC using the following formula:

ng leuco malachite green

(50 mL/2.0 mL)(0.05 mL)

ppb of leuco malachite green =

ng malachite green

ppb of malachite green =
(50 mL/2.0 mL)(0.05 mL)
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Table C.2. Recovery of malachite green residues from well water samples
spiked with 10 ppb each of malachite green (MGR) and leuco
malachite green (LEUCO).

Leuco MGR Leuco t MGR
Conc. Conc. Conc.

Sample  recovered  Percent recovered Percent recovered Percent
number (ppb) recovered (ppb) recovered (ppb) recovered
| 5.38 53.8 12.1 121 17.5 87.5
2 4.55 45.5 10.9 109 15.5 77.3
3 4.39 43.9 10.7 107 15.1 75.3
4 4.30 43.0 11.7 117 16.0 80.2
5 4.01 40.1 10.9 109 14.9 74.6
6 4.49 44.9 9.90 98.7 14.4 71.8
7 4.38 43.8 10.5 105 14.9 74.3
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Appendix D
Analytical Methods for Malachite Green

Project 89-040

HPLC Minimum Detection Limit Raw Data
for Chromatic and Leuco Malachite Green
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Table D.1. Raw data from the method detection limit (MDL) determination for
the HPLC analysis of leuco malachite green (LEUCO) and malachite
green (MGR) with diol-column enrichment according to the EPA
procedure for the determination of the method detection limit.

Leuco MGR Leuco t MGR
Conc. Conc. Conc.
Sample  recovered Percent recovered  percent recovered Percent
number (ppb)  recovered (ppb) recovered (ppb)  recovered
1 12.1 48.5 20.0 80.1 32.2 64.3
2 13.2 52.6 20.6 82.4 33.8 67.5
3 11.2 44.8 18.3 73.0 29.4 58.9
4 11.8 47.4 18.6 74.5 30.5 60.9
5 11.7 46.8 19.2 76.6 30.9 61.7
6 12.6 50.4 20.2 80.6 32.8 65.5
7 11.8 47.2 20.3 81.0 32.1 64.1
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Appendix E
Analytical Methods for Malachite Green

Project 89-040

Chromatograms of Well Water Samples Spiked
with the Carbinol and Leuco Forms of
Malachite Green
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WANE  CHAN LEV REP TYPE
COLLECTION DATA CARS2 A1 2 Wiy
NETHOR  LMGRWPLL
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Figure E.I.

with 50-ppb malachite green carbinol.
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BATE

Tine
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WE oWty
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Figure E.2. HPLC chromatogram and analysis of a well water sample spiked
with 50-ppb leuco malachite green.
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Appendix F
Analytical Methods for Malachite Green

Project 89-040

Recovery of Malachite Green Residues
from Water of Various pHs
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Table F_I. Recoveries of malachite green residues from deionized water
samples buffered to pH 6.0, 7.0, and 9.0 and well water samples
with a pH of 8.0. All samples were spiked with 50.0 ppb of
leuco malachite green (LEUCO) and 50.0 ppb of malachite green

(MGR).
Leuco MGR Leuco t MGR
Conc. Conc. Conc.

Sample recovered Percent recovered Percent recovered Percent
pH  number (ppb) recovered (ppb) recovered (ppb) recovered
6 1 31.4 62.8 47.8 95.5 79.2 79.2

2 31.4 62.9 50.6 101 82.1 82.1
3 28.9 ~57.9 49.1 98.1 78.0 78.0
7 1 26.4 52.8 47.4 94.8 73.8 73.8
2 25.1 50.2 47.5 95.1 72.6 72.6
3 23.7 47.3 42.6 85.2 66.2 66.2
8 1 28.1 56.3 50.9 102 79.0 79.0
2 26.7 53.3 48.9 97.9 75.6 75.6
3 27.2 54.5 53.5 107 80.7 80.7
4 23.5 47.1 49.1 98.2 72.7 72.7
5 20.9 41.7 46.8 93.7 67.7 67.7
6 18.3 36.6 45.7 91.4 64.0 64.0
9 1 19.9 39.8 48.8 97.7 68.8 68.8
2 19.0 38.1 50.8 102 69.8 69.8
3 19.6 39.2 49.4 98.7 69.0 69.0
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Appendix G
Analytical Methods for Malachite Green

Project 89-040

Chromatogram of malachite green residues from pond water
analyzed by HPLC with diol-column enrichment, recovery of malachite green
residues from pond water samples spiked at 25.0, 50.0, and 100 ppb each of
leuco malachite green and malachite green, and the water chemistry
analysis of NFLX pond water
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Figure G.1. HPLC chromatogram and analysis of pond water sample spiked with
100-ppb leuco malachite green and malachite green.
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Table G.1. Recovery of malachite green residues from pond water spiked at
concentrations of 25.0, 50.0, and 100 ppb each of leuco malachite
green (LEUCO) and malachite green (MGR).

Leuco MGR Leuco t MGR

Spike Conc. Conc. Conc.
Sample conc. Recovered Percent recovered percent recovered  Percent
number (ppb) (ppb) recovered (ppb) recovered (ppb) recovered

1 25.0 14.9 59.6 24.8 99.0 39.7 79.3
2 25.0 14.4 57.4 23.3 93.4 37.7 75.4
3 50.0 29.7 59.4 46.7 93.5 76.4 76.4
4 50.0 27.9 55.8 48.1 96.2 76.0 76.0
5 50.0 25.1 50.1 44.6 89.2 69.7 69.7
6 100 63.1 63.1 94.5 94.5 158 78.8
7 100 61.5 61.5 98.9 98.9 160 80.2
8 100 62.9 62.9 97.6 97.6 161 80.3
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Table 6.2. Water chemistry analysis of NFLX pond water.

Water Chemistry Data
for John Allen
B i A

N

YA M I
Sl P
SR A A

YR Ay,

Sample P
S 11¢
3
4 7.77 111
4 7.89 112

- The auto dilution loap or the auto-analyzer gave bumpy peaks
for Nitrates above 2 mg N/L. Nitrate data is only approximate.
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